Background: Endometriosis is one of the most common gynecological diseases that
| INTRODUCTION
Endometriosis, defined as the presence of endometrial glandular and stromal tissues, is one of the most common gynecological diseases, with a 10%-15% prevalence rate in women of reproductive age. The combination of retrograded menses and the immunosuppression hypothesis is the most accepted theory of the pathogenesis of endometriosis. Although the ectopic lesions were established from eutopic tissues, mounting evidence indicated that the characteristics of each are very distinct, suggesting that epigenetic regulation could be involved in the alteration of these phenotypes. of different epigenetic elements, including DNA methylation, histone modification, and microRNA (miRNA) expression, will be discussed.
| ALTERATION OF DNA METHYLATION IN ENDOMETRIOSIS
It has been known that the alteration of DNA methylation plays an important role and has great impacts on the chromatin remodeling and transcription networks. The major form of DNA methylation in mammalian cells is 5-methyl cytosine, which is catalyzed by a group of DNA methyltransferases (DNMTs), consisting of DNMT1, DNMT3a, and DNMT3b. DNA methyltransferase1 takes hemi-methylated DNA as a substrate, which is responsible for cell cycle-coupled DNA methylation that transmits the epigenetic marks from passage to passage.
In contrast, DNMT3a and 3b are de novo methyltransferases that use unmethylated DNA as a substrate. Although both hypomethylated and hypermethylated DNA for specific genes have been reported in endometriotic epithelial and stromal cells (see below for details), the authors' recent study revealed that the genome of endometriotic stromal cells is globally hypomethylated due to the downregulation of DNMT1. 1 It has been comprehensively discussed that DNA methylation plays an important role during the pathogenesis of endometriosis. 2 Thus, in this review, the focus is on how it might be regulated and interact with other epigenetic elements. Hypoxia and inflammation, two critical driving forces for the development of endometriosis, 3, 4 modulate the expression of DNMTs distinctly and can act together to cause aberrant DNA methylation patterns 1, 5, 6 ( Figure 1 ). Two recent reports found that global methylation decreases in ectopic stromal cells, 1, 6 which is mainly caused by hypoxia-mediated DNMT1 downregulation ( Figure 1, left) . In contrast to the suppressive effect of hypoxia on DNMT1, a blockage of the prostaglandin E 2 (PGE 2 ) pathway has no effect on the level of DNMT1 but suppresses DNMT3a expression 5 ( Figure 1, right) , implying that the level of DNMT3a might be maintained or stimulated by an inflammation pathway.
The development and maintenance of endometriosis highly depend on the estrogen pathway. The expression of steroidogenic acute regulatory protein (StAR) and aromatase (CYP19), two proteins that control the key steps of 17β-estradiol biosynthesis, was shown to be elevated in the ectopic tissues and isolated primary stromal cells. 7, 8 During the last two decades, studies have shown that hypoxia and . 15 Not only so, even the promoter of progesterone receptor isoform B, a functional nuclear receptor that induces 17β-hydroxysteroid dehydrogenase type II expression, is also hypermethylated in endometriotic cells, 16 a phenomenon that is probably mediated by tumor necrosis factor (TNF) α. 17 As a result, the conversion of the potent 17β-estradiol to the less potent estrone is suppressed. These data indicate that DNA methylation is coordinately regulated to facilitate the production or to enhance the activity of 17β-estradiol in endometriosis.
In parallel to 17β-estradiol biosynthesis, PGE 2 production that is mediated by the elevated expression of cyclo-oxygenase (COX)-2 also plays critical roles in the development of endometriosis. 18 It has been reported that the promoter of COX-2 is hypomethylated 9 and contributes to aberrant COX-2 induction in ectopic stromal cells, which in turn enhances the positive feedback to PGE 2 -mediated 17β-estradiol production 19 and DNMT3a elevation.
| ALTERATION OF THE HISTONE CODE IN ENDOMETRIOSIS

| Histone acetylation
Histones, the key components of the nucleosome, pack the lengthy genomic DNA molecules into compact forms in the nuclei. The core histones share a conserved tripartic structure, consisting of the amino-terminal tail, a globular domain, and a carboxyl-terminal tail.
F I G U R E 1 Hypoxia and inflammation regulate DNA methylation through microRNAs (miRs). These two major microenvironmental cues promote epigenetic remodeling. Hypoxia causes global hypomethylation through miR-148a-mediated DNA methyltransferase (DNMT)1 downregulation (left). Inflammatory stimulation induces DNMT3a expression and locispecific hypermethylation (right). Hypoxia-induced miR-20a and inflammatory cytokine-induced miR-302a suppress dual specificity phosphatase (DUSP)2 and chicken ovalbumin upstream promoter (COUP)-transcription factor (TF)II, respectively, to potentiate an inflammatory response and to contribute to the modulation of DNA methylation. COX, cyclo-oxygenase; E 2 , estradiol; IL, interleukin; PGE 2 , prostaglandin E 2 ; TGF, transforming growth factor; TNF, tumor necrosis factor
The majority of post-translational modification takes place on the amino-terminal tail of histones extruding from the nucleosome, which regulates various molecular processes, such as chromatin remodeling, transcription, splicing, and DNA damage. Accompanying the aberrant expression of HDACs, the global levels of histone H3 and H4 acetylation decreased in the endometriotic stromal cells. 21, 23 Of special note, while both of these studies found decreased levels of histone H3 acetylation, one reported no difference in histone H4 acetylation. This discrepancy could partly result from the distinct antibodies that are used for detecting acetylation sites (not specified in all studies). In addition, it has been known that the application of antibodies to explore the combinational modifications of histone is constrained by the nature of multiple adjacent modifications, 24, 25 which can vary the results from laboratory to laboratory. Intriguingly 
| Histone deacetylase inhibitor for endometriosis treatment
The critical role of histone acetylation in the transactivation of key genes in endometriosis makes it an attractive therapeutic target.
F I G U R E 2 DNA methylation contributes to inflammation and the acquisition of steroidogenic capacity and enhances estradiol (E 2 ) signaling. Global DNA hypomethylation contributes to the upregulation of the genes that are involved in prostaglandin E 2 (PGE 2 ) biosynthesis and E 2 biosynthesis and signaling, while loci-specific hypermethylation suppresses the genes that are related to E 2 inactivation. COX, cyclo-oxygenase; CYP, cytochrome P450; ER, estrogen receptor; HSD, hydroxysteroid dehydrogenase; PRB, progesterone receptor isoform B; SF, steroidogenic factor; StAR, steroidogenic acute regulatory protein 
| DYSREGULATION OF MICRORNA EXPRESSION IN ENDOMETRIOSIS
| MicroRNAs regulate the steroidogenic pathway
It has been reported that miRNAs modulate the signaling pathway of steroid hormones, which plays a central role in the pathogenesis of endometriosis. The expression levels of miR-23a and miR-23b are aberrantly suppressed in the endometrium of women with endometriosis, compared to those of women without endometriosis.
Furthermore, the levels of miR-23a and b are much lower in the ectopic endometriotic lesions. 39 Typically, a high level of miR-23a and b in the normal endometrium inhibits the expression of SF-1 and thus keeps the normal endometrium in low steroidogenic activity.
However, in the endometrium of women with endometriosis, the sup- (Figures 1 and 4) . 
| MicroRNA-mediated hypoxic response
As mentioned previously, the global DNA hypomethylation in the ectopic tissues is triggered by microenvironmental hypoxic stress. 
| CONCLUSION
It has been demonstrated that estrogen signaling, hypoxia, and in- 
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